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A SMALL SCALE GAP SENSITIVITY TEST

By:
W. E. Di rmock, Jr.

Approved by: ___ -____ __ __.

Acting Chief, Explosives Properties Division

ABSTRACT: This report describes a method whereby the sensitivity
of explosives to initiation by other explosives may be evaluated
when only a smal sample of the explosive is available. Cylindrical
brass containers 1" in diameter and 1/4" long with 0.100" dianeter
centrally drilled holes were used to contain the explosive to be
tested. The use of such small columns makes it possible to obtain
statistically valuable data frmn small amounts of explosive. The
depth of a dent in a steel block placed at the back of the explosive
column was used as a criterion to determine whether the shot was a
fire or misfire. The order of decreasing sensitivity of the five

0 explosives tested was found to be RDX, tetryl, Cncip B, TINT and Comp A.
This is in agreement with results of similar larger scale experiments.
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The objective of the investigation reported is a part of tht broader
objective of devising valid small scale tests of explosives, especially
when only limited quantities of experimental explosives are available.
This work was authorized by Task Assignment NOL-Re2c-I-I(EP) and
NOL-Re2b-41-1-52. The technique may be used for determination at
sensitivities of explosives to initiation. The conclusions presented
herein are preliminary and subject to modification after further
study. However, the nonsistency of the data inspires confidence in
the accuracy of the conclusions. The data and interpretation presented
herein are for information only and not intended as a basis for action.

E. L. WOODYARD
Captain, USN
Conmander

.E. ALR
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A SMALL SCALE GAP SENSITIVITY TEST

Introduction

The sensitivity of explosives is a complex subject. The
relative sensitivity of two explosive compounds as measured by one
means may be reversed when measured by another. This can be true
even when both experiments seem fundamentally the game, as for
example impact sensitivities as measured in two machines, or
ignition points measured by two techniques. Thus in evaluating
the sensitivity of a new compound, several types of measurement
are desirable.

One type of sensitivity which is of particular interest is
the sensitivity of anexplosive to initiation by the action of
another explosive charge. A number of experimental methods have
been devised to measure this property of an explosive, including
minimum priming charge experiments and various booster sensitivity
tests.

Minimum priming charge experiments have several difficulties
including the following:

(1) The minimum priming charge may be so small that the
detonation thereof cannot build up to a stable process. The
results thus become a function of the rate of growth of detonation
in the priming charge explosive, a property which may vary considerably
for the same compound, e.g., with states of aggregation.

(2) Such experiments necessarily involve either, (a) the
loading of a quantity of samples with priming charges so far from
the critical value as to be of little use in determining the critical
value, or (b) loading samples with adjusted priming charges determined
by results obtained with previous experiments. The first alternative
is wasteful of effort, and the second involves the inconvenience of
synchronizing loading and firing operations.

In an attempt to eliminate some of these difficulties a minimum
booster test was devised at the Explosives Research Laboratory of the
National Defense Research Council, Bruceton, Pennsylvania, reference (a).
In this test various sizes of boosters were combined with various
thicknesses of wax barriers to obtain a series of boosters of graduated
output. By this means a large number of explosives which were under
investigation at that time (1945) were classified as to booster
sensitivity.

1
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While the above tests were in progress, the "Bruceton up and
down" test was devised, reference (b), for use with impact sensitivity.
After the war, some of the scientists who had been members of the
ExplosLves Research Laboratory staff joined the Naval Ordnance Laboratory
staff. Here they combined the booster sensitivity test with the
"Bruceton up and down" method to evolve a new booster sensitivity test,
reference (c), in which the sensitivity could. be characterized by the
thickness of a wax barrier through which detonation could be transmitted
50% of the time. This wax barrier was placed between a standard booster
and the explosive in question.

Although both of the above experiments yielded valuable data,
the quantity of explosive required is prohibitive for materials which
are in the laboratory stage of development. The work reported in
reference (d) encouraged the belief that a test might be designed
whereby this type of sensitivity may be determined when only small
samples of explosive are available. The present report is an account'
of some preliminary studies directed toward the development of such a
test.

Experimental Procedure

The experimental arrangement used in this work consisted. of
two columns of explosive, one of which is called the donor and the
other the acceptor, separated by varying thicknesses of aluminum,
Figure 1. The columns were encased in thick walled tubes of several
different materials. The thickness of aluminum barriers through which
detonation could be transmitted from donor to acceptor was used as a
criterion of sensitivity. The aluminum barriers were used instead of
air gaps because when using aluminum the gap varies proportionally,
much less with acceptor loading density than when using air, reference
(e). This would reduce the effect of any error that might be involved
in the loading process. In all cases the compounds in the acceptors
were loaded to 87% 2: 1% of crystal density. The donors were of the
same type used in reference (d). All acceptors were cylindrical pieces
V" in outside diameter by 0.1 inside diameter.

In the work discussed in reference (d) acceptors with 1" long
columns were used. A substantial reduction in this length would result
in a corresponding saving of explosive. An effort was thus made to
determine the minimum length required for significant results.

At first 1/8" long steel acceptors were loaded with RDX and
TNT. At this stage it was thought that the depth of dent obtained
in a plain cold-rolled steel block placed back of the acceptor,
Figure 1, would provide a good criterion for determining whether
the shot was a fire or misfire. But in preliminary trials with TNT
no definite break was obtained in the relation between gap and depth

2
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of dent; in fact the plot of the relation between gap and dent depth
was almost a smooth curve. It was then decided that a longer column
of explosive would be necessary and 1/4" long brass bcceptors were
subsequently employed. These acceptors gave a very sharp break in the
curve for RMX and a seemingly sufficient break with TNT. Following
this, 1/4" long steel and 1/2" long brass acceptors were used, but
they were not significantly better than the /1 " long brass.

Because the dents produced were almost invariably either
considerably deeper or considerably shallower than 0'0'005 it was
decided that a dent deeper than 0.'005 would be considered evidence of
a fire and a dent less than 0',005 a misfire .* Five different explosives
were then loaded into the 1/4" brass acceptors (20 acceptors per
explosive) and a standard Bruceton test employed with each explosive.

In conjunction with the above work, 1" long aluminum acceptors
(with 0.'100 column) vere loaded with the same five explosives as used
with the 1/l" brass and a Bruceton test applied (20 shots per explosive).
The experimental arrangement here was the same as was described in
reference (d).

Results

Figure 1 shows the experimental arrangement using the 1/41"
brass acceptors. Table I gives the 50% points for the five explosives
using both the 1/4" brass and .1" aluminum acceptors. It also shows
comparative sensitivities for the same explosives as determined by
other methods.

Conclusions and Discussions

The data in Table 1 prove aluminum acceptors to be less
efficient than brass as confining media. It will be observed that
the 50% point for TNT in the aluminum acceptors is given as < 0"010.
This might indicate that with the aluminum confinement of the acceptor
column the 0"'l00 diameter cavity is approaching the critical diameter
for detonation of TNT. The acceptor did fire when zero gap was used,
but it was a low order detonation.

In support of this, velocities of the order of only 1,900
meters per second were obtained, reference (e), with TNT in aluminum

*The choice of 0'.'005 as the critical depth was influenced by the

consideration that the test was for the purpose of establishing the
relative safety of various explosives. A larger dent might be
specified in a reliability test.

3
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acceptors with O'lO0 diameter columns. This is to be compared with
a velocity of over 5,500 meters per second for the TNT loaded at the
same density in steel and copper.

The relative order of sensitivity of the five explosives is
not the same using the 1/4" brass acceptors as when using the 1"
aluminum acceptors. Statistical analysis indicates that this
reversal is significant although the relatively small number of shots
involved reduces confidence in the results. Comp B and TNT are the
least sensitive in both cases (although their order is reversed), and
tetryl and RDX are the most sensitive (their order being reversed also).
The effect of confining media upon the sensitivity of various explosives
might be expected to vary.

The techniques described herein provde a promising means of
evaluating the sensitivity of explosives to initiation by means of
nearby detonation. Examination of Table 1 shows that the results
obtained with the 1/4" brass acce~ptors agree with other measurements
of this property as well as they agree among themselves. The results
with aluminum are an interesting demonstration of the fact that it is
not possible to measure sensitivity of an explosive, but only of a
system of which the explosive is a part.

W. E. DIMMOCK, JR.

4SECURITY INFORM4ATION CONF EhNTIt Uu



COTFI1DENTIAL
N~AVORD Report 241941

C-12

NH H +
CII

0 00

43 00 000

H~~ UO ~J~

00

IH u
4 ) \0 Q\in

W4 C 0 (n $

r4C 0)'-I 0)C4 C

-~ g.H
A W~

~r

5 )4
CONFItoPTIA



CONF"I£DENTIAL
NAVORD IMPORT 2494

ALUMINUM BARRIER STML BLOCK

DONOR

ACCEPTOR

Experimental Arrangement for Small Scale Teat

FIG. 1

SECURI'T 6
INFORMATION CONFIENTIA1



ALA

References

(a) OSRD No. 5746, Physical Testing of Ex:plosives, Part III,
L. C. Smith, E. H. Eyster

(b) OSRD No. 4040, Statistical Analysis for a New Procedure
in Sensitivity Experiments (Statistical Research Group,
Princeton University)

(c) NOLM 10,336, The Sensitivity of High Explosives to Pure Shocks,
L. C. Smith, S. R. Walton, E. H. Eyster

(d) NOI 10,577, Scme Studies of the Propagation of Detonation
Between Small Confined Explosive Charges, R. H. Stresau,
L. E. Starr

(e) NavOrd Report 2282, Small Scale Technique for Measurment
of Detonation Velocities, L. D. Hampton, R.H. Stresau

(f) NavOrd Report 1589, Impact Sensitivity Determinatiqns of
Explosive Compounds Tested During the Period from 1 January 1950
to 1 November 1950, N. D. Mason

7
•ECUR.TTY II•O1HMATION .. ...."".....



Distribution

Chief, Bureau of Ordnance, Re2c, Wash., D.C ....... •• 5 copies
ChLef, Bureau of Ordnance, Re2c, Wash., D.C.

Attention Mr. J. S. McCorkle ....................... icopy
Chief, Bureau of Ordnance, Re2d, Wash., D.C .......... 1 copy
Director, National Bureau of Standards, Wash., D.C.

Attention Mr. Apetein ... ............... .. .... ...... 1 copy
Attention Mr. Robertson ............................ I copy

Commanding Officer, Picatinny Arsenal, Dover, N.J. 1 copy
Attention Mr. S. Slemrod ......... . .............. ,. copy
Attention Mr. L. R. Young .......................... 1 copy
Attention Mr. W. P. Beck I .... . .... . ....... . .... .,. 1 copy
Attention Mr. Harold E. Nixon ...................... icopy
Attention Mr. D. E. Seeger ......................... i copy

Chief of Ordnance, Department of Army, Wash., D.C. .... 1 copy
Commander, Naval Ordnance Test Station, Inyokern, Calif. 3 copy
Com-ander, Naval Ordnance Test Station, Inyokern, Calif.

Attention Mr. Breslow .................. 0...... . 1 copy
Office of Chief of Ordnance, Pentagon, Wash., D.C.

Attention Mr. W. A. Schuster, Room 2D382, ORDTA ..... 1 copy
Franklin Institute, Phila., Pa., Attention

Mr. W. H. Schilling, Jr., vis InsMat Phila., Pa . .... 1 copy
Solid Propellant Information Agency, Silver Spring, Md.

via InsOrd John Hopkins Univ., Georgia Ave.,
Silver Spring, Md . ..... 1 copy

Comnanding Officer, Air Material Test Center, Fglin Air
Force Base, Fla. 1 copy

Director, Los Alamos Scientific Laboratory, N.M,,via
InsMat Los Angeles, Calif. . ..................... 1 copy

Director, Los Alamos Scientific Laboratory, N.M.,
Attention Dr. L. C. Smith, via InsMat Los Angeles,
Calif# . ....... .0 ........ ..... ..... ........ 0......... I copy

University of Arkansas, Institute of Science and
Technology, Fayetteville, Arkansas, Attention
Dr. Zaboj V. Harvalik, via InsMat Chicago 11, Ill. .. 1 copy

Armour Research Foundation, Technology Center, Chicago,
Ill., Attention Dr. W. C. McCrone, via InsMat
Chicago 11, Ill .................... ... 1 copy

U.S. Rubber Company, General Laboratories, Passaic N.J.
Attention Dr. P. 0. Tawney, via InsMat Port Newark,
Newark 5, N.J. .... .... ............. ...... 1 copy

Rohm and Haars Co., Phila., 37, Pa., Attention
Dr. Ralph Connor, via InaMat Upper Darby, Pa. ...... 1 copy

S~ ++



Distribution (cont'd)

Naugatuck Chemicals, Naugatuck, Conn., Attention
Mr. F. J. Foster, via InsMat Bridgeport 8, Conn ..... 1 copy

A. D. Little, Inc., Cambridge 42, Mass., Attention
Dr. W. C. Lothrop, via InsMat Boston 10, MAss . ....... 1 copy

Hercules Powder Co., Wilmington 99, Delaware, Attention
Dr. Julius Roth, via InsMat Upper Darby, Pa. ......... 1 copy

Aerojet Engineering Corp., Azusa, Calif., Attention
Dr. M. H. Gold, via InsMat Los Angeles 15, Calif. .... 1 copy

Commanding Officer, Naval Powder Factory, Indian Head, Md. 2 copies
Director, Naval Research Laboratory, Wash., D.C.,

Attention Dr. W. A. Zisman .......... .. copy


